Summary. Rabbit ovarian microvasculature, with particular regard to developing and atretic follicles, was studied by scanning electron microscopy (SEM) of vascular corrosion casts.
The microvascular network of the follicles was arranged in typical round plexuses of varying shape and size. Four different morphological types of vascular plexuses supplied the follicles: Type 1 (100-250 pm in diameter) consisted of a simple net of thin capillaries that delimited a small empty central cavity. Type 2 (diameter>250 um) consisted of a multilayered capillary wall delimiting a large empty central cavity. This wall presented an inner layer made of uniformly distributed dilated and tortuous capillaries with numerous angiogenetic sprouts. Type 3 (diameter of 100-300 sum) lacked the central cavity and comprised randomly arranged thin capillaries. Type 4 (diameter>250 pm) consisted of a multilayered capillary wall delimiting a central cavity. Its inner layer was made of capillaries not homogeneous in size and course (thin in some areas, sinusoidal in others, sometimes highly dilated). In addition, the wall showed large interruptions (avascular areas) and focal invasion of the central cavity by newly formed vessels.
Types 1 and 2 showed the gradual transformation of thin capillaries into sinusoids as has been demonstrated in evolutive follicles. Types 3 and 4, described here for the first time, probably represent the vascular supply to atretic follicles. In particular, Type 3 supplied follicles undergoing obliterating atretic degeneration, whereas Type 4 supplied atretic follicles with hypertrophy of the theca layer. In fact, follicular atresia is a pleiomorphic phenomenon which ends in a regression of the follicles (obliterant atresia), but which may induce a temporary follicular hyperactivation (luteinizing atresia). These changes in the microvasculature prelude the formation of the so called "interstitial gland of the ovary". Furthermore, these data prove that: 1) both thecal capillary vasodilatation and angiogenetic processes basically support the gradual increase of ovarian blood flow during follicle growth; 2) microvascular changes of atretic follicles are possibly related to a type of inflammatory reaction since they seem to be a consequential rather than primary cause of atresia.
The ovary continuously undergoes cellular and vascular changes due to the cyclical activity of the luteof ollicular complex (MOTTA and VAN BLERKOM,1974 ; MOTTA, 1978,1979; MOTTA et al., 1992; MACCHIARELLI et al., 1992 a, b) .
Several SEM studies of vascular corrosion casts have been performed on the microvasculature of the luteof ollicular complex in both normal and experimental conditions in rodents, horses, cows and sheep (KARDON and KESSEL,1979; KANZAKI et al., 1982; KIKUTA et al., 1984; KITAI et al., 1985; SPANEL-BOROWSKY et al., 1987; HEES et al., 1988; MURAKAMI et al., 1988; KONIG et al., 1989; MURDOCH and CAVENDER,1989; OKAMURA, 1989; KIKUTA et al., 1991; MACCHIARELLI et al., 1991 MACCHIARELLI et al., , 1992b . In particular, certain studies have dealt with the rabbit ovary's microvascular changes induced by ovulation in the follicles (KANZAKI et al.,1982; KITAI et al., 1985; OKAMURA,1989) or in the interstitial stromal tissue .
Developing follicles may halt their growth and undergo atresia (BYSKOV,1978; GREENWALD and TERRANOVA, 1988; HUBBARD and OXBERRY,1991) . Indeed, atresia is the final fate of most ovarian follicles, and most atretic follicles transform into a temporary but highly funcFunds for this work were provided by M.U.R.S.T. (Faculty 40% and 60%) and C.N.R., Italy, and the Ministry of Education, Science and Culture, Japan. tioning endocrine tissue (GREENWALD and TERRANOVA, 1988) . Surprisingly, the microvascular changes accompanying these processes remained to be fully studied by SEM of vascular corrosion casts (KIKUTA et al., 1991) , a technique which may actually provide the best visualization of the morphology of the microvascular patterns and of changes in both physiological and pathological conditions (MURAKAMI, 1971) . Therefore, in order to provide a morphological comparison of the microvasculature of the theca layer of evolutive and atretic follicles, we employed SEM in our study of rabbit ovary vascular corrosion casts.
MATERIALS AND METHODS
Animals: Eight normal, white, New Zealand rabbits were used for casting. In addition, two animals were not casted and used as controls. All animals were adult virgin females weighing 4-5 kg, and were caged separately for at least 21 days prior to ovarian sampling. Vascular casts: After anesthesia, induced by intravenous Nembutal injection in the external ear vein, the animals were subjected to laparotomy and median sternotomy. The thoracic aorta was cannulated and a saline solution (RT) was injected slowly. After washing out the blood, a Mercox resin was slowly injected into the animals until polymerization started. The ovaries were then removed and placed in warm water for 3-4 h until polymerization was completed. The samples underwent maceration in a 10% NaOH solution for 24-48 h at 60C. After maceration was completed, samples were washed under running tap water for two hours and then kept in distilled water for 2-3 days at 60C to remove residual tissue. Ovarian vascular casts were carefully exposed under stereo microscopic magnification, air dried, mounted on aluminum stubs with a conductive paste and sputtered with gold (MURAKAMI et al., 1988; MACCHIARELLI et al., 1991) .
Controls: Ovaries from uncasted control animals were processed for light microscopy observations (CHERNEY et al., 1975) .
Observations: SEM observations were performed with Hitachi field emission S-4000, Hitachi S-2R and Jeol SM-U3 scanning electron microscopes, operating at 4-7 kV.
RESULTS

Controls
Light microscopy of uncasted control ovaries displayed numerous follicles located mainly in the cortical areas. Primordial, primary, secondary, and cavitary follicles were found. Most of these had a normal appearance, however, several follicles presented morphological signs of involution (atresia) in the oocyte, and/or granulosa and/or theca. Neither ovulatory follicles or corpora lutea could be detected.
General aspects of casted ovaries
The surface of the vascular corrosion casts revealed numerous regularly or irregularly rounded structures located within the ovarian cortex, these structures being the vascular plexuses of the theca layers of various types of follicles. The vascular plexuses varied in size, having diameters from 80 to 1000um ( Fig. 1) . In fractured ovaries, these plexuses were confined mainly to the external part of the cortical area, though the largest follicles reached also the deepest layer of the cortex (Fig. 2) .
Larger vascular plexuses were isolated by the vasculature of the surrounding interstitial tissue. Smaller vascular plexuses showed numerous capillary anastomoses with the interstitial tissue vessels (Fig. 3) .
Most vascular plexuses were supplied by one or two small arterioles that originated from the cortical arteries (Fig. 4A) . Sometimes the same cortical artery supplied two smaller arteries of different vascular plexuses (Fig. 3) . The venous drainage of vascular plexuses comprised several short thick venules connected to a longer and thicker vessel (Fig. 4B) . The latter was collected by extra follicular cortical vessels that emptied into the medullar veins (Fig. 2) .
In fractured samples, the regularly rounded vascular plexuses usually showed a basket-like configuration (Figs. 4-5 ). These presented a central avascular area (Fig. 4A ) corresponding to the zones that were occupied by the granulosa layer, the oocyte and its investment, and the antral cavity before corrosion. These irregularly rounded vascular plexuses were either completely devoid of the central avascular area (Fig. 6 ) or presented sprouts of vascular growth which partially occupied the centrum of the baskets (Fig. 7A) . Type 1 (Figs. 3-4 ): These were rounded vascular plexuses, 100-250 um in diameter (Fig. 4A) , consisting of a monolayer of capillaries that surrounded a central empty avascular area (Fig. 4B) . The capillary vessels were usually thin (4-5pm in diameter) and arranged in a large polygonal-meshed network.
Type 2 (Fig. 5 ): These were regularly rounded or ovoid plexuses with a diameter greater than 250 um, and were characterized by an inner layer of uniformly distributed capillaries. These plexuses were highly variable in size, and could even reach 1000 jcm in diameter. In fractured samples, they always showed a large empty cavity, displaying a basket-like configuration. The walls of these baskets consisted of three layers of vessels ( Fig. 5A ) :1) an outer layer, made of thin (4-5 um in diameter)
capillaries, forming a coarse plexus; 2) a medial layer, made of intermingled thick vessels which, according to the size and surface morphology of the nuclear prints, corresponded to arterioles and venules; and 3) an inner layer, made of capillaries uniformly distributed to delimit the central cavity. The inner layer showed morphological differences in relation to the size of the vascular plexuses. In fact, these capillaries gradually increased in thickness (ranging 6-10 um in diameter) and tortuousity, together with the enlargement of the plexus. Particularly, the inner capillaries in the largest plexuses (Fig. 5B) were arranged in a sinusoidal net with rounded meshes. In addition, these capillaries showed interruptions characterized by thin endings.
Type 3 (Fig. 6 ): These were irregularly rounded (Fig. 6A) or ovoid (Fig. 6B ) plexuses with diameters of 80-250 jcm. They were characterized by a coarse capillary plexus which also invaded the central antral cavity, as better evidenced in fractured samples (Fig.  6C) . The capillaries were thin and arranged in a polygonal-meshed network. Type 4 (Fig. 7 ): These were plexuses with diameters greater than 2501a m, characterized by the presence of thin (4-5 pm in diameter) and thick (6-12 um in diameter) capillaries in the inner layer. These plexuses displayed a multilayered wall similar to that of Type 2, with the exception of the inner capillary layer which showed remarkable differences (Fig. 7A) . Inner capillaries were not uniformly distributed as in Type 2 plexuses, but varied in size and arrangement. In some areas the capillaries were thin, but tortuous and dilated in others (Fig. 7B) . In some plexuses, the inner capillaries were abnormally dilated and thick (Fig. 7C) . The largest plexuses showed both avascular lacunae within the sinusoidal net, and the central cavity was focally invaded by a coarse capillary net. These invading capillaries were supplied by underlying thicker vessels resembling arterioles and venules, and were connected with the vessels of the medial layer of the plexus wall (Fig. 7A) .
DISCUSSION
In the present work, SEM of vascular corrosion casts of the rabbit ovary allowed visualization of the blood vessels supplying the follicular theca layer. As previously shown (KANZAKI et al., 1982; MURAKAMI et al., 1988; KIKUTA et al., 1984 KIKUTA et al., ,1991 MACCHIARELLI et al., 1992a, b) the theca microvasculature of follicles in this study also appeared to be primarily arranged in typical structures, usually called vascular plexuses, vascular baskets or vascular wreaths.
In the tasted ovaries, four main types of vascular plexuses were found and classified according to their diameters and characteristics of their capillaries. In particular we observed two kinds of vascular plexuses (Types 1 and 2) showing general features of the vascular casts of the theca of evolutive follicles (MACCHIARELLI et al., 1992a, b) . Furthermore, this study revealed two other kinds of follicular vascular plexuses (Types 3 and 4) that presented morphologies significantly different from the previous ones.
The follicular vascular plexuses
Earlier studies by SEM of vascular corrosion casts of the mammalian ovary identified three main types of vascular plexuses (MURAKAMI et al., 1988; MACCHIARELLI et al., 1992b) . First, regularly round vascular plexuses, surrounding a central avascular area, with a diameter ranging from 80-1000 um. These displayed a gradual increase in wall thickness, and the development of the inner vascular layer from a polygonalmeshed network of thin capillaries (smallest baskets) to a rounded-meshed network of thick sinusoids (largest baskets). These plexuses appeared to correspond to growing follicles in the evolutive phase, from primary to preovulatory stages (KARDON and KESSEL, 1979; KANZAKI et al., 1982; KIKuTA et al., 1984 KIKuTA et al., , 1991 MURAKAMI et al., 1988; MACCHIARELLI et al., 1991 MACCHIARELLI et al., , 1992a . Second, regularly round or ovoid vascular baskets of large diameter, present only during spontaneous or stimulated ovulatory phases. These showed a large central avascular area, a thick multilayered wall (often interrupted by the stigma), and an inner layer formed of a rounded meshed net of sinusoids often presenting blebs of resin leakage (the latter a sign of capillary permeabilization). These plexuses were considered to be characteristic of follicles ready for ovulation (KANZAKI et al., 1982; KITAI et al., 1985; MURAKAMI et al., 1988; OKAMURA,1989; MACCHIARELLI et al., 1992b) . Third, irregularly round or more often ovoid vascular plexuses, sometimes collapsed, characterized by an exuberant invasion of thick capillaries in the central avascular area and corresponding to corpora lutea. In particular, dense and highly capillarized plexuses were considered to be growing corpora lutea, whereas collapsed and less vascularized plexuses were identified as regressing corpora lutea (MURAKAMI et al., 1988; KIKUTA et al., 1991; MACCHIARELLI et al., 1992b) .
In our study we used normal, virgin adult rabbits, not subjected to any natural (mating) or pharmacological (hCG intravenous injection) stimulation. Thus, since the rabbit is a reflexed ovulator, the ovaries only possessed follicles in various developing stages, from primary to cavitary (CHERNEY et al., 1975) , as was also confirmed by the light microscopy observations of control uncasted rabbits. Therefore, the vascular baskets in these ovaries could not correspond to either the theca of ovulatory follicles or to the microvasculature of corpora lutea. According to the above studies on ovarian vascular casts and to electron microscopic data on unstimulated rabbit ovaries (CHERNEY et a1.,1975) , Types 1 and 2 vascular plexuses correspond to the theca microvasculature of evolutive follicles. In particular, Type 1 was reported to supply primary or early secondary follicles, and Type 2, early-late antral follicles (MAC-CHIARELLI et al., 1991 , 1992b .
Types 3 and 4 vascular plexuses were not previously described, and corresponded to atretic follicles.
The follicular atresia
Follicular atresia is a widely occurring phenomenon, seen in most vertebrates, including humans, in which 99% of the follicles are involved (BYSKOV, 1978) . Morphological changes in the structure or environment of the follicles may result in disturbances of follicle maturation, usually followed by its rapid involution (GREENWALD and TERRANOVA, 1988) . This may occur at any stage of follicular development (HUBBARD and OXBERRY,1991) . The morphofunctional development of the atretic process may have different aspects according to species or physiopathological condition (BYSKOV, 1978) . In the early stages of follicular growth, atresia primarily involves the oocyte, whereas in further follicular developmental stages, granulosa and theca layers are dramatically affected by this process HUBBARD and OXBERRY, 1991) .
In the rabbit, as shown by histochemical studies (GURAYA and GREENWALD, 1964a) , the growing follicles present two forms of atresia that may strike follicles at any stage of development: l) Degenerative atresia, which ends in a regression of the follicular structures and an obliteration of the follicle; 2) Luteinizing atresia, which is morphologically characterized by thecal hypertrophy. According to our data, the Type 3 vascular plexuses supply follicles in the degenerative type of atresia, whereas Type 4 vascular plexuses supply follicles in the Luteinizing type of atresia. In fact, Type 3 plexuses were devoid of a central cavity, being invaded by thin capillaries related to the inflammatory process occurring during the follicle regression (BYSKOV, 1978) . In addition, Type 4 plexuses showed tortuous and thick capillaries, resembling sinusoids, that characteristically supply ovarian structures with endocrine activity (GREENWALD and TERRANOVA, 1988; MACCHIARELLI et al., 1992b) . This further evidences the presence, in the rabbit, of an endocrinally active "interstitial gland" that is known to be mainly sustained by luteinized theca cells of atretic follicles (GURAYA and GREENWALD 1964a, b; HUBBARD and OXBERRY, 1991 ). An indirect proof of this is the fact that, in the sheep with its poor level of endocrine activity for the interstitial gland, atretic follicles show a deficient theca layer and a reduction of the capillary network (HAY et al., 1976; O'SHEA et a1.,1978; FINDLAY and CARSON, 1980) . The areas of thin capillaries invading the central cavity seen in Type 4 plexuses represent the onset of regression which, in general, is the fate of all these atretic follicles (HUBBARD and OXBERRY, 1991) . The follicular hemodynamics Follicular growth requires an increase in the intraovarian blood flow which likely is related to four factors (REYNOLDS, 1973; GREENWALD and TERRANOVA 1988; MACCHIARELLI et al., 1992b) : 1) intraovarian growth of new vessels (angiogenesis); 2) vasodilatation of existing capillaries; 3) change in spiralization of hilar vessels; 4) increase in the blood flow to the ovary from the systemic circulation. While the latter may be only demonstrated by a physiological approach, the first three points may be sustained by morphological data. In particular, our data on the vascular casts of growing follicles (Type 1, 2 vascular plexuses) clearly showed that both angiogenesis and dilatation of existing capillaries were present. Considering the data reported here on unstimulated rabbits, we cannot exclude the possibility that hilar vessels may undergo dilatation or even change their spiralization pattern when ovulation is imminent, as has also been revealed by previous studies (REYNOLDS, 1973) . However, our preliminary SEM observations on vascular casts of stimulated rabbit ovaries were not fully consistent with this view. In fact, intraovarian juxta-medullary blood vessels were not greatly affected by hCG stimulation. The changes previously described by means of other techniques, and which consisted in an extension of the arterial spirals after hCG injection in rabbits (REYNOLDS, 1973) , probably regarded only the extra-ovarian ramifications of the utero-ovarian arcade . Microvascular changes such as a local follicular ischemia, have been considered among the etiological causes of atresia (GREENWALD and TERRANOVA, 1988; HUBBARD and OXBERRY, 1991) . Although our data clearly confirm the occurrence of significant vascular changes in both luteinizing and obliterant atresia in the rabbit, they do not support the "ischemic" theory. In Type 3, 4 vascular plexuses, the changes we observed were primarily characterized by an invasion of the follicular cavity as typically seen during inflammatory reaction. The inflammatory stimulus for atresia has been suggested to be induced by changes in the permeability of the follicular basal membrane (FAROOKHI, 1981) . The vascular changes seen in preovulatory follicles have also been understood as an inflammatory event (ESPEY, 1980) . Therefore, we believe that the changes we observed represent a consequence of the degenerative process, rather than an active cause of atresia (GREENWALD and TERRANOVA, 1988) .
